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Figure 2: Imaging the ionosphere using multiple satellites
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The following sections outline the design of the overall system, and address how this 
project satisfies the system requirements.   
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System Integration 
 (One year)
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System Integration 
BP 3125 and Concorde 130 Ah
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Effective 175 Watt Panel
and Concorde 130 Ah
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 BP 3125 and Concorde 260 Ah 
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• Microprocessor 
• Memory System  
• Serial Interface Circuitry 
• Data Acquisition System  
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Figure 45: Full System Schematic
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6.7.3 Total Power consumption 
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6.7.4 Financials 
 & 		' '	  	  	  	     			'
			'+	'	&
''+	Figure 46: 
Financial Information9

Financial   
Power System:   
 Concorde SunXtender $79.99 
 Solar Boost 2000E $198.00 
 BP 350 U  $279.00 
NPU   
 MSP 430 F169 $13.24 
 Dev. Kit MPS $200.00 
 LM 2676 $5.00 
 EEProm $2.78 
 Quartz Oscillator $5.00 
 Hex Inverter $0.75 
 Misc. IC's $6.00 
Communications   
 AeroComm Modems $400 
 GPS Receiver $900 
Total  $2,089.76 
Figure 46: Financial Information
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 The recommendations within this section are broken into two parts: Immediate 
Considerations required to fully implement the recommended design and Alternative 
Power Recommendations which evaluates the feasibility of using wind.  The 
recommendations within Immediate Considerations is limited to the child nodes within a 
9 node array, and the Alternative Power analysis can be scaled to accommodate the 
power requirements of both child and parent nodes of a larger array.  
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Before the recommended design can be fully implemented, it will first be necessary 
to validate the scientific data that has been used in this project.  The following data 
should be re-evaluated to verify the model and validate our assumptions: 
• Insolation values 
• Cloud Cover 
• SolarBoost 2000E temperature sensor 
 
The research conducted in Section 5.2.2.3 illustrated the dependency of a solar panel 
output and insolation.  Insolation is directly affected by the cloud cover.  Data should be 
collected at Sondrestrom and compared to the projected power available for different 
insolation/cloud cover scenarios within the projected model.  Also a charging test should 
be conducted at the temperature ranges in Greenland using the Solar Boost 2000E 
temperature sensor.  
 
@9*  
	

To overcome the projected non-operational period during the winter months, an 
alternative renewable energy source must be developed.  Section 5.2.2.2 [Wind Power] 
indicated that wind is a viable renewable energy source.  The wind averages over the past 
7 years was measured 3 meters above the ground at the Kangerlausaug Airport50 and are 
located in "	<.)	'')$='>?//@ 
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After analyzing the data used to generate the graph above, wind turbines that 
operated within this specified wind speed were researched.  The following table 
illustrates wind turbines and power output (Watts) compared to the wind speed available.  
The values in this table were generated from SouthWestern Power51.  Also included in 
this table is the price per turbine.   
 
Knots 
Aero4Gen 
$847  
Aero6Gen  
$1,195  
Whisper 
H40  
$1,895  
Whisper 
HV80  
$1,711  
Air X 
Industrial  
$876   
Air X 
Marine  
$875   
5 - - 18.11 32.39095 2.443335 2.443335 
5.25 - - 21.01 38.08431 3.029708 3.029708 
5.5 - - - - - - 
5.75 - - - - - - 
6 - - 34.78 65.45 6.26 6.76 
6.25 - - 38.79 74.33 7.24 7.14 
6.5 - 6 43.02 82.08 8.45 8.35 
6.75 - 7.5 47.48 91.21 9.62 9.22 
7 - 9 52.18 101.96 10.98 10.98 
7.25 - 10.5 62.29 121.78 13.95 13.95 
7.5 - 12 67.71 131.52 15.52 15.52 
7.75 - 13.2 73.35 142.83 17.12 17.12 
8 6 14.4 79.24 153.71 18.77 18.97 
8.25 6.5 15.6 85.36 165.38 20.84 20.84 
8.5 7 16.8 91.71 176.57 22.71 22.71 
8.75 7.5 18 98.28 188.42 24.71 24.71 
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9 8 19.2 112.08 212.84 28.09 28.89 
9.25 8.5 20.4 119.29 224.97 31.62 31.02 
9.5 9 21.6 126.68 237.25 33.17 33.17 
9.75 9.5 22.8 134.26 249.1 35.03 35.33 
10 10 24 142.01 261.79 37.52 37.62 
10.25 11.16 27 149.91 274.05 39.15 39.85 
10.5 12.32 30 166.12 298.42 44.03 44.33 
10.75 13.48 33 174.41 310.55 46.46 46.56 
11 14.64 36 182.79 322.6 48.89 48.79 
11.25 15.8 39 191.26 334.55 50.53 50.93 
11.5 16.96 42 199.79 346.39 53.55 53.05 
11.75 18.12 45 208.38 357.99 55.44 55.24 
12 19.28 48 217.01 369.53 57.51 57.31 
12.25 20.44 - 225.66 380.87 59.22 59.32 
12.5 21.6 - 242.99 403.04 63.14 63.34 
12.75 22.76 - 251.63 413.87 65.56 65.26 
13 24 - 260.26 424.51 67.92 67.02 
1(C%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	H2	

I
 
All cells with dashes indicate a 0 power rating.  For each turbine, the minimum wind 
speed to cause the blade to turn was about 6 knots.  The operating wind speed of the 
Aero6Gen does not exceed 12.25 knots and is also indicated by a dash.  Combining the 
data from the wind averages and the power ratings for the wind turbines yields the graph 
below.   
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6	 ; illustrates the projected daily power output from the wind turbines at 
Kangerlussuaq, Greenland.  Not included within this figure were the Whisper HV80, and 
the Aero5Gen Turbine.  The Whisper HV80 wind turbine produced an enormous amount 
of power that far exceeded the needs of our system, while the Aero4Gen did not produce 
enough.  The Whisper H40 also exceeds the needs of the current system, but could be 
deployed if a larger power requirement was needed at the parent node. 
Not included within this data are the hourly wind speed averages.  After analyzing 
data taken at the SRI in autonomous instrument platform Ivotuk, Alaska it is clear that 
throughout the day the wind speed typically gusts and subsides sporadically.  
 Other considerations inherent in deploying a wind turbine include additional 
implementation components to maximize performance and protect the system.  These 
components are listed below with the estimated cost. 
 
  50 Amp Cut off Circuit $50 
  27 ‘ Tower   $120 
  Stop Switch   $18 
  Galvanized Augers  $150 
  Dump Load   $80  
  Misc. Pipe and Wire  $100 
   Total   $518 
  
Although the operating temperature of each wind turbine was specified to -400 C, 
further research needs to be conducted to determine the specialized components needed.  
At the SRI site in Ivotuk, Alaska a major problem that has been encountered is freezing.  
Snow and ice freezing on the turbine blades cause components to fail.  Blades on turbines 
are created to furl and unfurl depending on wind speeds to prevent too much power from 
being generated, and protect the turbine, however, when deployed in a similarly harsh 
climate at Ivotuk they froze and tripped the circuit breaker. 
 The attractiveness of wind turbines, however, is not to be discredited.  When 
integrating the power data from the wind turbines into the power model, the results 
proved very encouraging.  In the summer months, the wind averages tended to decrease, 
while the sunlight values increased.  This trend is accounted for by the snow cover 
throughout the winter, which creates less friction on potential airflow. A recommended 
 78 
turbine to implement for this system is the Air X Industrial.  The cost of a whole turbine 
system is $1394, including all necessary towers and cables.  The Air X Industrial comes 
with Teflon coated blades and is rated for extreme environments.  SouthWest Power 
indicated that custom components can be ordered for operation in environments similar to 
Greenland.52   
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Time Trial 
File Size 
(KB) 
Data 
Rate 
1 minute 1 60 1 
1 minute 2 59 0.983333 
1 minute 3 62 1.033333 
5 minutes 1 405 1.35 
5 minutes 2 413 1.376667 
 102 
60 minutes 1 3825 1.0625 
60 minutes 2 4639 1.288611 
3 hours 1 12715 1.177315 
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#include <msp430x16x.h> 
unsigned int received0, received1; 
#define MAX_BUFFER 32 
unsigned char buffer[MAX_BUFFER]; 
unsigned int head, tail; 
unsigned char character; 
 
void main(void) 
{ 
  WDTCTL = WDTPW + WDTHOLD;             // Stop Watch Dog Timer 
  P3SEL |= 0xF0;                        // P3.4,5 = USART0 TXD/RXD & 
P3.6,7 = USART1 TXD/RXD 
  ME1 |= UTXE0 + URXE0;                 // Enable USART0 TXD/RXD 
  ME2 |= UTXE1 + URXE1;                 // Enable USART1 TXD/RXD 
  UCTL0 |= CHAR;                        // 8-bit character (USART0) 
  UCTL1 |= CHAR;                        // 8-bit character (USART1) 
  UTCTL0 |= SSEL0;                      // UCLK = ACLK (USART0) 
  UTCTL1 |= SSEL0;                      // UCLK = ACLK (USART1) 
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  UBR00 = 0x03;                         // 32k/9600 - 3.41 (USART0) 
  UBR10 = 0x00;                         // 
  UMCTL0 = 0x4a;                        // Modulation 
  UBR01 = 0x03;                         // 32k/9600 - 3.41 (USART1) 
  UBR11 = 0x00;                         // 
  UMCTL1 = 0x4a;                        // Modulation 
  UCTL0 &= ~SWRST;                      // Initialize USART state 
machine (USART0) 
  UCTL1 &= ~SWRST;                      // Initialize USART state 
machine (USART1) 
  head = 0x00; 
  tail = 0x00;   
  IE1 |= URXIE0;              // Enable USART0 RX/TX interrupt 
  IE2 |= URXIE1;              // Enable USART1 RX/TX interrupt 
  _BIS_SR(GIE); 
     
while(1) 
  { 
  if(head != tail) 
    { 
    character = buffer[tail]; 
    tail = (tail +1) % MAX_BUFFER; 
    TXBUF1 = character; 
    while(!(IFG2 & UTXIFG1)); 
    } 
  } 
} 
 
#pragma vector=UART0RX_VECTOR           // Compiler specific command 
__interrupt void usart0_rx (void)       // Interrupt program  
{  
    buffer[head] = RXBUF0; 
    head = (head + 1) % MAX_BUFFER;  
} 
 
#pragma vector=UART1RX_VECTOR 
__interrupt void usart1_rx (void) 
{  
  if((RXERR & U1RCTL) == 0x01)          // Test to ensure that received 
data is valid 
    {                                   // If it is not valid... 
    received1 = RXBUF1;                 // RXBUF1 read to set buffer 
clear flag 
    received1 = 0x00;                   // Invalid data received, move 
null character into received0 
    } 
else                                    // Otherwise data is valid 
    received1 = RXBUF1;                 // RXBUF1 is read into 
received1 
  IE2 &= ~URXIE1;                       // Disable the Receive 
interrupt until this character has been transmitted 
  IE1 |= UTXIE0;                        // Enable the USART0 Transmit 
interrupt 
 
} 
 
#pragma vector=UART0TX_VECTOR 
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__interrupt void usart0_Tx (void) 
{ 
  TXBUF0 = received1;                   // Transmit character received 
from USART1 
  IE2 |= URXIE1;                        // Re-enable the Receive 
interrupt on USART1 
  IE1 &= ~UTXIE0;                       // Disable the this Transmit 
interrupt 
} 
 
#pragma vector=UART1TX_VECTOR 
__interrupt void usart1_Tx (void) 
{ 
  TXBUF1 = received0;                   // Transmit character received 
from USART0 
  IE1 |= URXIE0;                        // Re-enable the Receive 
interrupt on USART0 
  IE2 &= ~UTXIE1;                       // Disable the this Transmit 
interrupt 
   
} 
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ADC Code 
 
//**********************************************************************
******** 
//  MSP-FET430P140 Demo - ADC12, Repeated Single Channel Conversions 
// 
//  This example shows how to perform repeated conversions on a single channel 
//  using "repeat-single-channel" mode.  AVcc is used for the reference and  
//  repeated conversions are performed on Channel A0. Each conversion result  
//  is moved to an 8-element array called results[].  Test by applying a  
//  voltage to channel A0, then running. To view the conversion results, open a 
//  watch window and view 'results.'  
//  
// 
//               MSP430F149 
//             --------------- 
//            |               | 
//            |      A0 (P6.0)|<---- Vin 
//            |               | 
// 
// 
//  M.Mitchell 
//  Texas Instruments, Inc 
//  January, 2002 
//  Built with IAR Embedded Workbench Version: 1.25A 
//  December 2003 
//  Updated for IAR Embedded Workbench Version: 2.21B 
// 
//  Modified by Chris Hamman for SRI International 
//  February 2005 
//**********************************************************************
******** 
 
#include          "msp430x16x.h"        // Standard Equations 
 
#define   Num_of_Results   12 
 
static unsigned int Nadc[Num_of_Results];  //Nadc is digital output of converter 
static double Vin[Num_of_Results]; 
static double Vdivider[Num_of_Results]; 
static int HoldFlag;   //Flag Indicates if Voltage has been Shut Down 
//  -->Need to Add Capacitors to Circuit to Filter Noise!!!!!!!(Check out Vref Later) 
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//Apply Voltage Divided to P6.0 and 3.3 Reference Voltage to AVcc Pin  
//ADC will convert values between 0 and 3.3 Volts See pg 17-17 for wiring guide 
//see page 17-4 for Conversion Calculation 
static const double Vrplus = 3.286; // Positive Reference Voltage 
static const double Vrminus = 0.0;  //0 Volt Negative Reference  
static const double QuantLevel = 4095;  //Quantization Level- 2^12 for 12 bit converter 
static const double Resistor1 = 11*1000;       //Top Resistor Value Connected to Vin on 
Voltage Divider Circuit (Ohms)                                       
static const double Resistor2 = (3)*1000;  //Bottom Resistor Value Connected to Vin on 
Voltage Divider Circuit (Ohms)   
static const double Thresh1 = 11.70; 
static const double Thresh2= 12.10; 
 
void main(void) 
{  
  WDTCTL = WDTPW+WDTHOLD;               // Stop watchdog timer 
  P6SEL |= 0x02;                        // Enable A/D channel A1 
  ADC12CTL0 = ADC12ON+SHT0_8+MSC    ;   // Turn on ADC12, set sampling time 
  ADC12CTL1 = SHP+CONSEQ_2;             // Use sampling timer, set mode 
  ADC12IE = 0x01;                       // Enable ADC12IFG.0 
  ADC12CTL0 |= ENC;                     // Enable conversions 
  _EINT();                              // Enable interrupts   
  ADC12CTL0 |= ADC12SC;                 // Start conversion 
  _BIS_SR(LPM0_bits);                   // Enter LPM0  
 
  HoldFlag = 1;           //Set Flag Before Checking Processor 
  } 
 
 
#pragma vector=ADC_VECTOR 
__interrupt void ADC12ISR (void) 
{ 
  static unsigned int index = 0; 
 
   
   
  Nadc[index] = ADC12MEM0;           // Results are Stored as Hex Equivalent to a base 
conversion 
    //Perform Calculation to See What Value Should be on Vout of Voltage Divider 
  Vdivider[index] = (((Nadc[index]/QuantLevel) * (Vrplus - Vrminus)) + Vrminus); //Vin 
is applied voltage 
    //Perform Calculation to See What Vin Value of Voltage Divider is on Load  
   index = (index+1)%Num_of_Results;     // Increment results index, modulo 
 
  Vin[index]= Vdivider[index]*((Resistor1+Resistor2)/(Resistor2)); 
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  if(Vdivider[index] <= 2.50714)  //Send Pulse for 'delay' seconds to Port 1 to turn on 
relay 
    { 
    P1DIR |= 0x01;                       // Set P1.0 to output direction 
    P1OUT = 0x00;   //Voltage Has Gone Below Threshold, Turn off Base Voltage on 
Mosfet 
    HoldFlag = 0;   //Processor Needs to Wait Until 12.10 Voltage Threshold Is reached 
    } 
     
  //Voltage Has been below 11.70, Continue to Wait Until Voltage reaches 12.1 
      
    if(Vdivider[index]>=2.5928)  //Voltage Is now above Threshold, Reconnect Power 
    { 
    HoldFlag=1;  //Set Hold Flag To Continue to Power Threshold Voltage 
    P1DIR |= 0x01;                       // Set P1.0 to output direction 
    P1OUT = 0x01;                       //Output Voltage of Base Pin On 
    } 
    
     
} 
 
Bi-UART  
 
//**********************************************************************
******** 
//   MSP-FET430P169 -  UART 9600 Full-Duplex Transceiver, 32K ACLK 
// 
//  Description: UART0 communicates continously full-duplex 
//  with one device, while UART1 communicates continously full-duplexwith  
//  another device. Normal mode is low power mode (LPM3), with activity only during 
RX and 
//  TX ISR's. The TX ISR indicates the UART is ready to send another character.   
//  The RX ISR indicates the UART has received a character. At 9600 buad, a full 
//  character is tranceived ~1ms.  
//  The data received on UART0 is transmitted from UART1, and the data received on 
UART1 
//  is transmitted from UART0 to allow full-duplex communication between two devices   
//  ACLK = UCLK1 = LFXT1 = 32768  
//  Baud rate divider with 32768hz XTAL @9600 = 32768Hz/9600 = 3.41 (000Dh 4Ah ) 
//  //*An external watch crystal is required on XIN XOUT for ACLK*//    
// 
//                                MSP430F169                     
//                             -----------------             
//                            |                XIN|-       
//                            |                       | 32KHz    
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//                            |             XOUT|-         
//                            |                        | /|\       
//                            |                RST|---       
//                            |                        |          
//                            |                    |           
//             <---------|P3.6/UTXD1       |            
//                   9600 8N1 |                 |           
//                  --------->|P3.7/URXD1       |           
//                            |       P3.4/UTXD0|--------->   
//                            |                 | 9600 8N1                    
//                            |       P3.5/URXD0|<---------                    
// 
//        
//  M. Buccini 
//  Texas Instruments, Inc 
//  February 2004 
//  Updated for IAR Embedded Workbench Version: 2.21B 
// 
//  Modified by Sean Candlish 
//  SRI International  
//  February 2005 
//**********************************************************************
******** 
 
#include <msp430x16x.h> 
unsigned int received0, received1; 
 
void main(void) 
{ 
  WDTCTL = WDTPW + WDTHOLD;             // Stop Watch Dog Timer 
  P3SEL |= 0xF0;                        // P3.4,5 = USART0 TXD/RXD & P3.6,7 = USART1 
TXD/RXD 
  ME1 |= UTXE0 + URXE0;                 // Enable USART0 TXD/RXD 
  ME2 |= UTXE1 + URXE1;                 // Enable USART1 TXD/RXD 
  UCTL0 |= CHAR;                        // 8-bit character (USART0) 
  UCTL1 |= CHAR;                        // 8-bit character (USART1) 
  UTCTL0 |= SSEL0;                      // UCLK = ACLK (USART0) 
  UTCTL1 |= SSEL0;                      // UCLK = ACLK (USART1) 
  UBR00 = 0x03;                         // 32k/9600 - 3.41 (USART0) 
  UBR10 = 0x00;                         // 
  UMCTL0 = 0x55;                        // Modulation 
  UBR01 = 0x03;                         // 32k/9600 - 3.41 (USART1) 
  UBR11 = 0x00;                         // 
  UMCTL1 = 0x55;                        // Modulation 
  UCTL0 &= ~SWRST;                      // Initialize USART state machine (USART0) 
  UCTL1 &= ~SWRST;                      // Initialize USART state machine (USART1) 
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  IE1 |= URXIE0 +  UTXIE0;              // Enable USART0 RX/TX interrupt 
  IE2 |= URXIE1 +  UTXIE1;              // Enable USART1 RX/TX interrupt 
 
  _BIS_SR(LPM3_bits + GIE);             // Enter LPM3 w/ interrupt 
} 
 
#pragma vector=UART0RX_VECTOR           // Compiler specific command 
__interrupt void usart0_rx (void)       // Interrupt program  
{  
  if((RXERR & U0RCTL) == 0x01)          // Test to ensure that received data is valid 
    {                                   // If it is not valid... 
    received0 = RXBUF0;                 // RXBUF0 read to set buffer clear flag 
    received0 = 0x00;                   // Invalid data received, move null character into 
received0 
    } 
else                                    // Otherwise data is valid 
    received0 = RXBUF0;                 // RXBUF0 is read into received0   
  IE1 &= ~URXIE0;                       // Disable the RX interrupt until this character has been 
transmitted 
  IE2 |= UTXIE1;                        // Enable the USART1 Transmit interrupt 
   
} 
 
#pragma vector=UART1RX_VECTOR 
__interrupt void usart1_rx (void) 
{  
  if((RXERR & U1RCTL) == 0x01)          // Test to ensure that received data is valid 
    {                                   // If it is not valid... 
    received1 = RXBUF1;                 // RXBUF1 read to set buffer clear flag 
    received1 = 0x00;  `                 // Invalid data received, move null character into 
received0 
    } 
else                                    // Otherwise data is valid 
    received1 = RXBUF1;                 // RXBUF1 is read into received1 
  IE2 &= ~URXIE1;                       // Disable the Receive interrupt until this character has 
been transmitted 
  IE1 |= UTXIE0;                        // Enable the USART0 Transmit interrupt 
 
} 
 
#pragma vector=UART0TX_VECTOR 
__interrupt void usart0_Tx (void) 
{ 
  TXBUF0 = received1;                   // Transmit character received from USART1 
  IE2 |= URXIE1;                        // Re-enable the Receive interrupt on USART1 
  IE1 &= ~UTXIE0;                       // Disable the this Transmit interrupt 
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} 
 
#pragma vector=UART1TX_VECTOR 
__interrupt void usart1_Tx (void) 
{ 
  TXBUF1 = received0;                   // Transmit character received from USART0 
  IE1 |= URXIE0;                        // Re-enable the Receive interrupt on USART0 
  IE2 &= ~UTXIE1;                       // Disable the this Transmit interrupt 
   
} 
 
I2CEEPROM 
/***********************************************************************
******/ 
/*  The following code demonstrates how to use the I2C bus to read           */ 
/*  from memory and write to it.  This code is designed for the 24AA512      */ 
/*  EEPROM.  However, the routines in the accomanying file, I2Croutines,     */ 
/*  can easily be modified to interface to any memory device.                */ 
/*                                                                           */ 
/*  developed with IAR Embedded Workbench V2.21                              */ 
/*                                                                           */ 
/*  Texas Instruments Deutschland GmbH                                       */ 
/*  Christian Hernitscheck                                                   */ 
/*  July 2004                                                                */ 
/*                                                                           */ 
/*  Modified by: Sean Candlish                                               */ 
/*  SRI International                                                        */ 
/*  February 2005                                                            */ 
 
/***********************************************************************
******/ 
#include "msp430x16x.h" 
 
/*--- external functions of file "I2Croutines.c" ----------------------------*/ 
extern void InitI2C(void); 
extern void EEPROM_ByteWrite(unsigned int Address,unsigned char Data); 
extern unsigned char EEPROM_RandomRead(unsigned int Address); 
extern unsigned char EEPROM_CurrentAddressRead(void); 
extern void EEPROM_AckPolling(void); 
 
/*---------------------------------------------------------------------------*/ 
void main(void) 
{ 
  volatile unsigned char Data[18] = "Now for the output"; 
  volatile unsigned char var1[18] = "This is some input"; 
  unsigned int saver = 0x0000; 
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  unsigned int i; 
 
  WDTCTL = WDTPW+WDTHOLD;       // disable Watchdog 
  P1DIR = 0xFF;                 // termination of unused pins 
  P2DIR = 0xFF; 
  P3DIR = 0xF5; 
  P4DIR = 0xFF; 
  P5DIR = 0xFF; 
  P6DIR = 0xFF; 
 
  InitI2C();                          // Initialize I2C module 
  _EINT(); 
 
for(i = 0; i < 18;  i++)              // Write each byte to memory in turn 
  { 
  EEPROM_ByteWrite(saver,Data[i]);    // Write the current byte to the EEPROM 
  EEPROM_AckPolling();                // Wait for EEPROM write cycle completion 
  saver++; 
  } 
   
  var1[0] = EEPROM_RandomRead(0x0000);    // Read the data at the first memory 
location of the EEPROM & 
                                          // Store it in var1[0] 
  
for(i = 1; i < 18; i++)                   // Read each subsequent memory location & 
  var1[i] = EEPROM_CurrentAddressRead();  // store it in the next element of var1 
                                          // var1 initially held "This is some input", it now contains 
                                          // the data stored on the EEPROM "Now for the output" 
  while (1); 
} 
I2CRoutines  
/***********************************************************************
******/ 
/*  Communication with an EEPROM (e.g. 2465) via I2C bus                     */ 
/*  The I2C module of the MSP430F169 is used to communicate with the EEPROM. */ 
/*  The "Byte Write", "Current Address Read", "Random Read", an              */ 
/*  "Acknowledge Polling" commands or the EEPROM are realized.               */ 
/*                                                                           */ 
/*  developed with IAR Embedded Workbench V2.20                              */ 
/*                                                                           */ 
/*  Texas Instruments Deutschland GmbH                                       */ 
/*  Christian Hernitscheck                                                   */ 
/*  July 2004                                                                */ 
/***********************************************************************
******/ 
#include "msp430x16x.h" 
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#define SlaveAddress   0x50; 
 
int PtrTransmit; 
unsigned char I2CBuffer[3]; 
 
/*---------------------------------------------------------------------------*/ 
void InitI2C(void) 
// Description: 
//   Initialization of the I2C Module 
{ 
  P3SEL = 0x0A;          // select module function for the used I2C pins 
  P3DIR &= ~0x0A; 
 
  // Recommended initialisation steps of the I2C module: 
  U0CTL &= ~I2CEN;       // (1) clear I2CEN bit 
                         // (2) Re-configure the I2C module with I2CEN=0 
  U0CTL = I2C+SYNC+MST;       // I2C Master Mode, 7-bit addressing, 
                              // no DMA, no feedback, I2CEN=0 
  I2CTCTL = I2CTRX+I2CSSEL_2; // byte mode, repeat mode, clock source = SMCLK, 
                              // transmit mode 
  I2CSA = SlaveAddress;       // define Slave Address 
                              // In this case the Slave Address defines the 
                              // control byte that is sent to the EEPROM. 
  I2COA = 0x01A5;             // own address. 
  I2CPSC = 0x00;              // I2C clock = clock source/1 
  I2CSCLH = 0x03;             // SCL high period = 5*I2C clock 
  I2CSCLL = 0x03;             // SCL low period  = 5*I2C clock 
  U0CTL |= I2CEN;        // (3) set I2CDEN via software 
} 
 
/*---------------------------------------------------------------------------*/ 
void I2CWriteInit(void) 
// Description: 
//   Initialization of the I2C Module for Write operation. 
{ 
  U0CTL |= MST;           // define Master Mode 
  I2CTCTL |= I2CTRX;      // I2CTRX=1 => Transmit Mode (R/W bit = 0) 
  I2CIFG &= ~TXRDYIFG; 
  I2CIE = TXRDYIE;        // enable Transmit ready interrupt 
} 
 
/*---------------------------------------------------------------------------*/ 
void I2CReadInit(void) 
// Description: 
//   Initialization of the I2C Module for Read operation. 
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{ 
  I2CTCTL &= ~I2CTRX;     // I2CTRX=0 => Receive Mode (R/W bit = 1) 
  I2CIE = RXRDYIE;        // enable Receive ready interrupt 
} 
 
/*---------------------------------------------------------------------------*/ 
void EEPROM_ByteWrite(unsigned int Address, unsigned char Data) 
// Description: 
//   Byte Write Operation. The communication via the I2C bus with an EEPROM 
//   (2465) is realized. A data byte is written into a user defined address. 
{ 
  unsigned char adr_hi; 
  unsigned char adr_lo; 
 
  while (I2CDCTL&I2CBUSY); // wait until I2C module has finished all operations 
 
  adr_hi = Address >> 8;         // calculate high byte 
  adr_lo = Address & 0xFF;       //     and low byte of address 
 
  I2CBuffer[2] = adr_hi;         // store single bytes that have to be sent 
  I2CBuffer[1] = adr_lo;         //   in the I2CBuffer. 
  I2CBuffer[0] = Data; 
  PtrTransmit = 2;               // set I2CBuffer Pointer 
 
  I2CWriteInit(); 
  I2CNDAT = 3;           // 1 control byte + 3 bytes should be transmitted 
  I2CTCTL |= I2CSTT+I2CSTP;   // start and stop condition generation 
                              //      => I2C communication is started 
} 
 
/*---------------------------------------------------------------------------*/ 
unsigned char EEPROM_CurrentAddressRead(void) 
// Description: 
//   Current Address Read Operation. Data is read from the EEPROM. The current 
//   address from the EEPROM is used. 
{ 
  while (I2CDCTL&I2CBUSY); // wait until I2C module has finished all operations 
  I2CReadInit(); 
  U0CTL |= MST;         // define Master Mode 
  I2CNDAT = 1;          // 1 byte should be received 
  I2CIFG &= ~ARDYIFG;         // clear Access ready interrupt flag 
  I2CTCTL |= I2CSTT+I2CSTP;   // start receiving and finally generate 
                              //              re-start and stop condition 
  while ((~I2CIFG)&ARDYIFG);  // wait untill transmission is finished 
  return I2CBuffer[0]; 
} 
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/*---------------------------------------------------------------------------*/ 
unsigned char EEPROM_RandomRead(unsigned int Address) 
// Description: 
//   Random Read Operation. Data is read from the EEPROM. The EEPROM 
//   address is defined with the parameter Address. 
{ 
  unsigned char adr_hi; 
  unsigned char adr_lo; 
 
  while (I2CDCTL&I2CBUSY);  // wait until I2C module has finished all operations 
 
  adr_hi = Address >> 8;         // calculate high byte 
  adr_lo = Address & 0xFF;       //     and low byte of address 
 
  I2CBuffer[1] = adr_hi;         // store single bytes that have to be sent 
  I2CBuffer[0] = adr_lo;         //   in the I2CBuffer. 
  PtrTransmit = 1;               // set I2CBuffer Pointer 
 
  I2CWriteInit(); 
  I2CNDAT = 2;         // 1 control byte + 2 bytes should be transmitted 
  I2CIFG &= ~ARDYIFG;  // clear Access ready interrupt flag 
  I2CTCTL |= I2CSTT;   // start condition generation 
                       //      => I2C communication is started 
  while ((~I2CIFG)&ARDYIFG);  // wait untill transmission is finished 
  I2CReadInit(); 
  I2CNDAT = 1;         // 1 byte should be received 
 
  I2CIFG &= ~ARDYIFG;         // clear Access ready interrupt flag 
  I2CTCTL |= I2CSTT+I2CSTP;   // start receiving and finally generate 
                              //                  re-start and stop condition 
  while ((~I2CIFG)&ARDYIFG);  // wait untill transmission is finished 
  return I2CBuffer[0]; 
} 
 
/*---------------------------------------------------------------------------*/ 
void EEPROM_AckPolling(void) 
// Description: 
//   Acknowledge Polling. The EEPROM will not acknowledge if a write cycle is 
//   in progress. It can be used to determine when a write cycle is completed. 
{ unsigned int count; 
  while (I2CDCTL&I2CBUSY); // wait until I2C module has finished all operations 
  P5OUT ^= 0x10; 
  count=0; 
  U0CTL &= ~I2CEN;       // clear I2CEN bit => necessary to re-configure I2C module 
  I2CTCTL |= I2CRM;      // transmission is software controlled 
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  U0CTL |= I2CEN;        // enable I2C module 
  I2CIFG = NACKIFG;      // set NACKIFG 
  while (NACKIFG & I2CIFG) 
  { 
    I2CIFG=0x00;            // clear I2C interrupt flags 
    U0CTL |= MST;           // define Master Mode 
    I2CTCTL |= I2CTRX;      // I2CTRX=1 => Transmit Mode (R/W bit = 0) 
    I2CTCTL |= I2CSTT;      // start condition is generated 
    while (I2CTCTL&I2CSTT); // wait till I2CSTT bit was cleared 
    I2CTCTL |= I2CSTP;      // stop condition is generated after slave address was sent 
                            //      => I2C communication is started 
    while (I2CDCTL&I2CBUSY); // wait till stop bit is reset 
    count=count+1; 
    P5OUT ^= 0x10; 
  } 
  U0CTL &= ~I2CEN;       // clear I2CEN bit => necessary to re-configure I2C module 
  I2CTCTL &= ~I2CRM;     // transmission is by the I2C module 
  U0CTL |= I2CEN;        // enable I2C module 
 
  return; 
} 
 
/*---------------------------------------------------------------------------*/ 
/*  Interrupt Service Routines                                               */ 
/*     Note that the Compiler version is checked in the following code and   */ 
/*     depending of the Compiler Version the correct Interrupt Service       */ 
/*     Routine definition is used.                                           */ 
#if __VER__ < 200 
    interrupt [USART0TX_VECTOR] void ISR_I2C(void) 
#else 
    #pragma vector=USART0TX_VECTOR 
    __interrupt void ISR_I2C(void) 
#endif 
 
// Description: 
//   Byte Write Operation. The communication via the I2C bus with an EEPROM 
{ 
  switch (I2CIV) 
  { case I2CIV_AL:      /* I2C interrupt vector: Arbitration lost (ALIFG) */ 
                      break; 
    case I2CIV_NACK:    /* I2C interrupt vector: No acknowledge (NACKIFG) */ 
                      break; 
    case I2CIV_OA:      /* I2C interrupt vector: Own address (OAIFG) */ 
                      break; 
    case I2CIV_ARDY:    /* I2C interrupt vector: Access ready (ARDYIFG) */ 
                      break; 
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    case I2CIV_RXRDY:   /* I2C interrupt vector: Receive ready (RXRDYIFG) */ 
                      I2CBuffer[0]=I2CDRB;   // store received data in buffer 
                      break; 
    case I2CIV_TXRDY:   /* I2C interrupt vector: Transmit ready (TXRDYIFG) */ 
                      I2CDRB = I2CBuffer[PtrTransmit]; 
                      PtrTransmit = PtrTransmit-1; 
                      if (PtrTransmit<0) 
                      { 
                        I2CIE &= ~TXRDYIE;        // disable interrupts 
                      } 
                      break; 
    case I2CIV_GC:      /* I2C interrupt vector: General call (GCIFG) */ 
                      break; 
    case I2CIV_STT:     /* I2C interrupt vector: Start condition (STTIFG) */ 
                      break; 
  } 
} 
 
UART 0 
//**********************************************************************
******** 
//   MSP-FET430P169 -  UART 9600 Full-Duplex Transceiver, 32K ACLK 
// 
//  Description: UART0 loops back whatever whatever it receives on its RX pin 
//  Normal mode is low power mode (LPM3), with activity only during RX and 
//  TX ISR's. The TX ISR indicates the UART is ready to send another character.   
//  The RX ISR indicates the UART has received a character. At 9600 buad, a full 
//  character is tranceived ~1ms.  
//  The data received on UART0 is transmitted from UART1, and the data received on 
UART1 
//  is transmitted from UART0 to allow full-duplex communication between two devices   
//  ACLK = UCLK1 = LFXT1 = 32768  
//  Baud rate divider with 32768hz XTAL @9600 = 32768Hz/9600 = 3.41 (000Dh 4Ah ) 
//  //*An external watch crystal is required on XIN XOUT for ACLK*//    
// 
//                                MSP430F169                     
//                             -----------------             
//                            |              XIN|-       
//                            |                 | 32KHz    
//                            |             XOUT|-         
//                            |                 | /|\       
//                            |              RST|---       
//                            |                 |          
//                            |             |           
//                            |                 |            
//                            |                 |           
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//                            |                 |           
//                            |       P3.4/UTXD0|--------->   
//                            |                 | 9600 8N1                    
//                            |       P3.5/URXD0|<---------                    
// 
//        
//  M. Buccini 
//  Texas Instruments, Inc 
//  February 2004 
//  Updated for IAR Embedded Workbench Version: 2.21B 
// 
//  Modified by Sean Candlish 
//  SRI International  
//  February 2005 
//**********************************************************************
******** 
 
#include <msp430x16x.h> 
unsigned int recieved; 
 
void main(void) 
{ 
  WDTCTL = WDTPW + WDTHOLD;             // Stop WDT 
  P3SEL |= 0x30;                        // P3.4,5 = USART0 TXD/RXD 
  ME1 |= UTXE0 + URXE0;                 // Enable USART0 TXD/RXD 
  UCTL0 |= CHAR;                        // 8-bit character 
  UTCTL0 |= SSEL0;                      // UCLK = ACLK 
  UBR00 = 0x03;                         // 32k/9600 - 3.41 
  UBR10 = 0x00;                         // 
  UMCTL0 = 0x55;                        // Modulation 
  UCTL0 &= ~SWRST;                      // Initialize USART state machine 
  IE1 |= URXIE0 +  UTXIE0;              // Enable USART0 RX/TX interrupt 
 
  _BIS_SR(LPM3_bits + GIE);             // Enter LPM3 w/ interrupt 
} 
 
#pragma vector=UART0RX_VECTOR 
__interrupt void usart0_rx (void) 
{  
  if((RXERR & U0RCTL) == 0x01) 
    { 
    recieved = RXBUF0; 
    recieved = 0x00; 
    } 
else  
    recieved = RXBUF0;                        // RXBUF0 to TXBUF0   
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  IE1 &= ~URXIE0; 
  IE1 |= UTXIE0; 
   
} 
 
#pragma vector=UART0TX_VECTOR 
__interrupt void usart0_Tx (void) 
{ 
  TXBUF0 = recieved;                           // Transmit character 
  IE1 |= URXIE0; 
  IE1 &= ~UTXIE0; 
   
} 
UART1 
//**********************************************************************
******** 
//   MSP-FET430P169 -  UART 9600 Full-Duplex Transceiver, 32K ACLK 
// 
//  Description: UART1 loops back whatever whatever it receives on its RX pin  
//  Normal mode is low power mode (LPM3), with activity only during RX and 
//  TX ISR's. The TX ISR indicates the UART is ready to send another character.   
//  The RX ISR indicates the UART has received a character. At 9600 buad, a full 
//  character is tranceived ~1ms.  
//  The data received on UART0 is transmitted from UART1, and the data received on 
UART1 
//  is transmitted from UART0 to allow full-duplex communication between two devices   
//  ACLK = UCLK1 = LFXT1 = 32768  
//  Baud rate divider with 32768hz XTAL @9600 = 32768Hz/9600 = 3.41 (000Dh 4Ah ) 
//  //*An external watch crystal is required on XIN XOUT for ACLK*//    
// 
//                                MSP430F169                     
//                             -----------------             
//                            |              XIN|-       
//                            |                 | 32KHz    
//                            |             XOUT|-         
//                            |                 | /|\       
//                            |              RST|---       
//                            |                 |          
//                            |             |           
//                  <---------|P3.6/UTXD1       |            
//                   9600 8N1 |                 |           
//                  --------->|P3.7/URXD1       |           
//                            |                 | 
//                            |                 |                    
//                            |                 |                    
// 
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//        
//  M. Buccini 
//  Texas Instruments, Inc 
//  February 2004 
//  Updated for IAR Embedded Workbench Version: 2.21B 
// 
//  Modified by Sean Candlish 
//  SRI International  
//  February 2005 
//**********************************************************************
******** 
 
#include <msp430x16x.h> 
unsigned int recieved = 0x57; 
 
void main(void) 
{ 
  WDTCTL = WDTPW + WDTHOLD;             // Stop WDT                        
  P3SEL |= 0xC0;                        // P3.6,7 = USART1 TXD/RXD 
  ME2 |= UTXE1 + URXE1;                 // Enable USART1 TXD/RXD 
  UCTL1 |= CHAR;                        // 8-bit character 
  UTCTL1 |= SSEL0;                      // UCLK = ACLK 
  UBR01 = 0x03;                         // 32k/9600 - 3.41 
  UBR11 = 0x00;                         // 
  UMCTL1 = 0x55;                        // Modulation 
  UCTL1 &= ~SWRST;                      // Initialize USART state machine 
  IE2 |= URXIE1 +  UTXIE1;              // Enable USART1 RX/TX interrupt 
 
  _BIS_SR(LPM3_bits + GIE);             // Enter LPM3 w/ interrupt 
} 
 
#pragma vector=UART1RX_VECTOR 
__interrupt void usart1_rx (void) 
{  
  if((RXERR & U1RCTL) == 0x01) 
    { 
    recieved = RXBUF1; 
    recieved = 0x00; 
    } 
else  
    recieved = RXBUF1;                        // RXBUF1 to TXBUF1   
  IE2 &= ~URXIE1; 
  IE2 |= UTXIE1; 
   
} 
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#pragma vector=UART1TX_VECTOR 
__interrupt void usart1_Tx (void) 
{ 
  TXBUF1 = recieved;                           // Transmit character 
  IE2 |= URXIE1; 
  IE2 &= ~UTXIE1;  
} 
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Notes on Model -  
The potential Battery Status in Watts is also filled in.  To generate this value an 
assumed 130 Ah battery was used which would draw approximately 120 Watts / Day.  
Power available from sunlight was calculated using the BP 3125 Solar Panel, and 
the watts generated were added to the Battery throughout the course of 1 year. 
Insolation values are given as W/m2 and were generated from NASA24 calculated at 
the top of the Atmosphere at the Sondrestrom geographic coordinates (77° N, 67° 
W). The angle was calculated highest point off the horizon throughout the day.  
Cloud cover was generated from the Sondrestrom Axis 2100 Network Camera 
pointed at the sky and took a picture every hour every day throughout the 2004 year.   
 
Date Sunrise Sunset 
Sunlight 
Hours (W/m2)Angle 
% 
Cloud 
Cover 
Solar 
Panel 
Watts 
hours / 
Day 
Battery 
Status Watts Temperature 
% 
Capacitance 
 11:22 13:33 2.18333 0  0 1494 -21 55
2 11:19 13:37 2.3 0 0.001 100 0 1374 -22 55
3 11:16 13:40 2.4 0.1 0.002 90 0.0042 1254.0042 -19 60
4 11:13 13:44 2.51667 0.2 0.004 85 0.01387 1134.01807 -9 68
5 11:10 13:48 2.63333 0.4 0.005 90 0.01659 1014.03466 4 90
6 11:07 13:52 2.75 0.5 0.007 90 0.02599 894.060651 4 90
7 11:04 13:57 2.88333 0.8 0.008 10 0.34514 774.405786 -1 85
8 11:00 14:01 3.01667 1 0.01 0 0.53848 654.944261 -4 80
9 10:57 14:05 3.13333 1.3 0.012 50 0.35916 468 -12 67
10 10:53 14:09 3.26667 1.7 0.014 100 0 468 -15 63
11 10:50 14:14 3.4 2 0.016 100 0 468 -14 64
12 10:46 14:18 3.53333 2.5 0.018 98 0.03055 468 -18 53
 
 … A complete listing of this data can be located within the attached CD ROM 
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Notes on Data –  
 This data was collected at 3 meters at the Kangerlaussauq airport near to where 
current deployment of 9 node system50.  These averages are taken over the course of 24 
hours and do not reflect the highest potential wind speed for the day. 
 
Date Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 
Average 
(mph) 
1-Jan 8 4 10 8 13 7 15 9.3 
2-Jan 7 8 17 11 12 7 10 10.3 
3-Jan 9 9 16 10 8 5 22 11.3 
4-Jan 10 8 19 14 7 6 8 10.3 
5-Jan 4 9 7 7 7 13 10 8.1 
6-Jan 14 5 13 5 21 10 4 10.3 
7-Jan 12 7 12 5 13 6 6 8.7 
8-Jan 6 9 10 14 11 4 5 8.4 
9-Jan 7 10 5 10 20 7 8 9.6 
10-Jan 5 6 6 9 13 7 6 7.4 
11-Jan 6 6 7 12 9 8 7 7.9 
12-Jan 13 9 3 13 12 8 9 9.6 
13-Jan 14 5 8 16 7 6 5 8.7 
14-Jan 7 7 7 5 7 7 8 6.9 
15-Jan 8 7 10 9 5 8 12 8.4 
16-Jan 6 8 8 6 9 6 9 7.4 
17-Jan 10 5 5 6 9 6 13 7.7 
18-Jan 13 6 8 7 10 8 11 9.0 
19-Jan 9 7 5 10 12 19 18 11.4 
20-Jan 5 8 5 13 10 10 17 9.7 
 
 
 … A complete listing of these files is located in the attached CD ROM 
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The two viable options developed in the Technical Research were Gel Cell and 
Absorbed Glass Mat (AGM).  Both technologies adequately fulfill the constraint of at 
-40 C and both self discharge rates are similar at the lower temperatures; however the 
AGM technology provides the most efficient use of power.  The bulk charge of a Gel 
Cell is strictly limited to the C/20 in the bulk phase to prevent damage, while the 
AGM has none and accepts a wide range of current at any voltage over the terminal 
potential.  This flexibility of the AGM allows a shorter recharge cycle and is vital 
when conditions only allow short periods of limited power as seen in the recharge 
efficiency.  When comparing the recharge efficiency of both the Gel Cell and AGM 
batteries, under ideal conditions the Gel Cell recharge efficiency is optimally rated for 
90%, while the AGM worst case recharge is 96 %.55   
Another design constraint analyzed is best illustrated by the depth of discharge 
comparison graph below.  
 
1,(		

	   56 
Personal Communications with Concorde manufacturers indicated that AGM batteries 
deep cycle discharge should not exceed 30 % or damage to the battery may occur.  Both 
batteries are deep cycle, however as shown in the figure above an AGM operates for 
approximately twice as many deep discharge cycles as a Gel Cell (at 30 % Depth of 
Discharge).  
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Voltage and State of Charge 
In order to control the power system, the relationship between Voltage and Depth of 
Discharge was analyzed.  It was indicated in personal Communications with Concorde 
manufacturers that their AGM mirrors the relationship developed for standard 12 Volt 
lead acid batteries.  The table below was generated for a standard 12 Volt lead acid 
battery, and served as the standard the prototype AGM was tested against.  The table 
marks two areas, one in yellow and one in red.  The battery should be discharged within 
the yellow area greater than 30 % of full capacity to prevent potential damage which is 
marked in red.   
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Notes – Both the prototyped PVX 490T and the recommended PVX 1080T are 
included within this section. 
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Concorde SunXtender PVX Battery Series— 
Concorde Sunxtender batteries are designed for deep cycle / back-up power for solar electric 
photovoltaic applications. 
 
PVX Series batteries from Concorde use AGM or  absorbed glass mat technology, making 
their charge retention about five to ten times better than flooded/vented type batteries. Concorde 
sunxtender AGM  battery series  deliver and absorb higher rates of amperage than any other 
sealed battery during discharging and charging. 
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